Introduction
Respiratory infections are a major threat for both commercial and rural poultry in Pakistan, and lead to high economic losses. These infections could be of viral or bacterial origin e.g. avian influenza, newcastle disease, infectious bronchitis, infectious laryngotracheitis, mycoplasmosis, infectious coryza etc. (AHMAD et al., 2002; SULTANA et al., 2012) . Wild birds have been found to transmit Newcastle Disease and Avian Influenza viruses, but other microbes may also be involved (PEARSON and McCANN, 1975; LI et al., 2004; CAUSEY and EDWARDS, 2008; HAFEZ and LIERZ, 2010; SAEED et al., 2012; SHABBIR et al., 2014) . Ornithobacterium rhinotracheale (ORT) is a Gram negative bacterium that infects the respiratory tract, causes air sacculitis, pneumonia and mortality in domestic, as well as in wild birds (VAN EMPEL and HAFEZ, 1999 ; VAN VEEN, 2000; HAFEZ and LIERZ, 2010) .
Pakistan has diverse habitats of wild birds, from the temperate forests of the Himalayas, to the plains of Punjab and the deserts of Baluchistan and Sindh (GRIMMETT et al., 2008) . The Red-Wattled Lapwing (Vanellus indicus) (RWL) is a medium-sized bird of the Charadriidae family, and is endemic to the Indus basin and the open wetland areas of Punjab province (MAAN and CHAUDHRY, 2001; AKBAR et al., 2005; ALI and AKHTAR, 2005; IQBAL et al., 2007; UMAR et al., 2016) . ORT infection has already been reported in domestic birds in Pakistan (NAEEM et al., 2003; SIDDIQUE et al., 2008) . However, this is the first report of its kind in wild birds in Pakistan, i.e. the RWL, based on isolation and molecular identification of the agent.
Materials and methods
Case history and necropsy examination. The previous history revealed that during August 2014 a total of eighteen adult RWL birds were captured from the wetlands of Kasur district (the adjoining district to Lahore, Pakistan) and moved to Lahore Zoo, Lahore. After one month, the birds started showing signs of lethargy, swollen head, purulent nasal discharge and paralysis. Despite routine antibiotic therapy, mortality occurred in three birds which were presented for post-mortem examination at the Veterinary Research Institute, Lahore, Pakistan. Post-mortem examination revealed haemorrhagic trachea, serofibrinous exudate in the lungs, air-sacculitis and splenomegaly. The organs were collected and processed for standard histopathological examination.
Microbiological examination. Virology. Heart blood, lungs, and air sacs were collected aseptically for microbiological evaluation. The tissue samples were homogenised in 10%w/v in sterile saline solution (9.0 g of NaCl per liter (Sigma-Aldrich 3050 Spruce St., St. Louis, MO 63103, USA), added with 1G Polybiotic (PDH-Pakistan) and centrifuged at 1000×g for 5 minutes. Supernatant (0.2 mL) was inoculated into 9 day old Specific Pathogen Free (SPF) chicken embryonated eggs and incubated at 37 °C. Allantoic fluid was harvested after 96 h post-inoculation, and subjected for Hemagglutination (HA) and Hemagglutination Inhibition tests (HI) against Newcastle Disease (ND) and Avian Influenza (AI) (ALEXANDER, 2000; OIE, 2009 ). The tests showed negative results for both ND and AI.
Bacteriology. Tissue swabs, enriched in Tryptic Soya broth, were streaked on 5% sheep blood agar, MacConkey agar and pleuropneumonia like organism (PPLO) agar (Oxoid LTD, Basingstoke, Hampshire, England) for 48 h at 37 °C as described previously (DUFOUR-ZAVALA et al., 2008; CHURRIA et al., 2011) . Small, circular and non-haemolytic colonies were found on 5% sheep blood agar, whereas there was no growth on MacConkey and PPLO agar. The biochemical identification was carried out using a commercial biochemical test kit (Bio-Me´rieux; Marcy l'Etoile, France). Gram's staining revealed Gram-negative pleomorphic bacilli. Biochemically, the isolate was found to be negative for catalase, positive for oxidase and Voges-Proskauer (VP) tests. The sugar fermentation test was positive for sucrose and maltose, but negative for sorbitol and dulcitol.
Histopathological investigations. Tissue specimens (Trachea, air sacs and lungs) were dissected and preserved in a 10% neutral buffered formalin solution. Varying concentrations of isopropyl alcohol (70%, 80%, 90%, 96%, and 100%) were used for the dehydration. The minimum time for dehydration between two different concentrations was 1h. The fixed tissues were then processed for routine histological examination. The sections (5 mm) from each of the tissues were examined using a light microscope (×40) after staining with hematoxylin and eosin dye (BANCROFT and GAMBLE, 2007) .
Molecular identification. DNA extraction. The suspected isolate was subjected to genome extraction by phenol-chloroform method, with slight modifications (ThermoFisher Scientific, Carlsbad, CA) as described previously (ASADPOUR et al., 2008) . Briefly, the colonies were vortexed in 500 µL lysis buffer (Tris HCl 10 mM + EDTA 1 mM + 1% SDS + 200 µg/mL Proteinase K) and heated at 56 °C in a water bath. An equal volume of phenol was added and centrifuged at 13000 rpm for 15 minutes. The upper phase was taken out in a new tube, mixed with equal volumes of phenol-chloroform, and centrifuged. The upper phase was taken again in a new tube, mixed with an equal volume of chloroform, and centrifuged. The upper phase was taken out for the third time and mixed with twofold volume of 0.1% sodium acetate, and then an equal volume of 90% ethyl alcohol. It was incubated at -20 °C for 20 minutes and centrifuged. The supernatant was discarded, 200 µL of 70% ethyl alcohol was added and centrifuged. The alcohol was dried off by incubating in lid open tubes at 30 °C for 10 minutes on blotting paper. A total of 100 µL sterile, DNase free water was added to use as template DNA.
PCR amplification. Polymerase Chain Reaction (PCR) was used for molecular identification of the agent based on 16S rRNA fragment amplification, as described previously (HAFEZ, 2002; PAN et al., 2012) . The forward and reverse primers used were S. Umar et al.: Ornithobacterium rhinotracheale infection in lapwings 5'-GAGAATTAATTTACGGATTAA-3' and 5'-TTCGCTTGGTCTCCGAAGAT-3' respectively. The PCR product (784 bp size) was analysed in 1.5% w/v agarose gel by electrophoresis (Fig. 1) . Antimicrobial susceptibility test. In vitro antibiotic susceptibility was determined by the disk diffusion method, against seven commercially available antibiotics i.e. amoxicillin, erythromycin, tetracycline, enrofloxacin, gentamycin, neomycin, and sulfamethoxazole / trimethoprim (Oxoid LTD, Basingstoke, Hampshire, England) as described previously (BAUER et al., 1966) .
Results and discussion
Respiratory problems are common in birds in Pakistan and lead to huge economic losses. A total of 18 birds were affected by respiratory illness, out of which 3 (16.7%) birds died. The most common gross findings were tracheitis, unilateral pneumonia, and abdominal airsacculitis, with a foamy, white yogurt-like exudate, as described previously (HAFEZ, 2002; HAFEZ and LIERZ 2010; PAN et al., 2012; CHURRIA et al., 2012) . Histopathological examination revealed acute fibrinous air sacculitis, oedema and congestion of the lungs. In the trachea a mild degree of deciliation and infiltration of inflammatory cells was revealed (Fig. 2) . The severity of these lesions is usually influenced by environmental factors, such as housing, feeding and climate (CHURRIA et al., 2012) . Bacteriological examination revealed ORT as the suspected aetiological agent, which was later confirmed by PCR amplification. This bacterium is difficult to isolate, especially in a contaminated environment, due to complex competition in-vitro, so it is likely to escape diagnosis (HAFEZ, 2002; SHABBIR et al., 2015) . Previously, ORT infection has been described in commercial poultry in Pakistan (NAEEM et al., 2003; SIDDIQUE et al., 2008) , however, this is the first report to describe it in wild birds.
The isolate was found susceptible to amoxicillin, erythromycin, tetracycline, and enrofloxacin, but resistant to gentamycin, neomycin, and sulfamethoxazole/trimethoprim. The results are consistent with previous studies where this bacterium was found to be susceptible to β-lactam antibiotics, tetracycline and chloramphenicol, and a lesser extent to neomycin and enrofloxacin (AK and TURAN, 2001; DEVRIESE et al., 2001 ASADPOUR et al., 2008) . Resistance to gentamycin has also been reported previously (VAN EMPEL and HAFEZ, 1999; SORIANO et al., 2003) . The remaining birds were treated with two shots of long-acting tetracycline (Rasomycin-LA, Star Laboratories Pvt LTD, Pakistan, 100 mg/kg IM) for treatment, with an interval of three days. Clinical signs abated later on and the birds started feed intake. No further mortality was reported.
Conclusion
On the basis of this study it may be said that ORT infection is present in wild birds in Pakistan and is treatable. The infection must be included in differential diagnosis of respiratory problems in birds. Further studies on isolation, characterization and pathogenicity are recommended for a better understanding of the agent.
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